DATA INVERSION CIRCUIT AND SEMICONDUCTOR DEVICE 



FIELD OF THE INVENTION 
[0001] 

This invention relates to a data inversion circuit for temporally 
sequentially outputting multi-bit parallel data. More particularly, it 
relates to a data inversion circuit suitable for a read circuit of a clock 
synchronized semiconductor memory device, and to a semiconductor 
device employing the data inversion circuit. 
BACKGROUND OF THE INVENTION 
[0002] 

In an electronic device which outputs multi-bit data in parallel, 
the noise generated at the time of data transition poses a problem. This 
noise is produced most severely at the time of a transition corresponding 
to the switching of a CMOS logic circuit and the large amount of power 
is dissipated at the time of the transition. As a technique for reducing 
the number of transition times of the output data signals at the time of 
switching in a logic circuit, there is known a function of data inversion. 
This data inversion is of such a function in which data of a given cycle is 
compared to data output in a directly previous cycle and, in case the 
major part of the totality of N bits constituting the data, for example, 
N/2 bits or more, are switched, the logic of the data of the given cycle is 
inverted to output the resulting data, such as to reduce the number of bits 
of data actually switched on an external bus to N/2 bits or less, thereby 
reducing the noise or current consumption. 
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[0003] 

Fig. 8 depicts a representative configuration of a conventional 
data inversion circuit. The data inversion circuit shown in Fig. 8 is 
assumed to be employed, for example, in a clock synchronized 
5 semiconductor memory device equipped with a burst read operation. 
The data inversion circuit comprises a data comparator circuit 210, a 
majority decision circuit- data inversion flag generating circuit 310, a 
data inverting circuit 510 and a previous data holding circuit 810. 
Referring to Fig. 8, the operation of the data inversion circuit will be 
10 described step by step in the below. 
[0004] 

1. The data comparator circuit 210 compares data 110 on the data bus 
to data 820 of the previous cycle, output from the previous data holding 
circuit 810, from one bit position to the next, and sets a bit-based 

15 comparison flag 220 for example to a high level, when the data has been 
switched from the last cycle, 
rnnn^i 

2. The majority decision circuit- data inversion flag generating circuit 
310 counts the number of the high-level comparison flag 220 and, when 

20 the data 110 has been switched at N/2 or more bit positions, an inversion 
flag 410 is set for example to a high level. 

3. As long as the inversion flag 410 is set, the data inverting circuit 
510 inverts the data 110 on the data bus to output the resulting data as 
output data 500. 

25 [0006] 



4. The previous data holding circuit 810 holds actually output data 

500. 
[0007] 

5. During a burst read operation, the processing from 1 to 4 is 
repeated. 

[0008] 

Meanwhile, the previous data holding circuit 810 is provided with 
a reset signal 830 for setting the previous data signal to the initial state 
such as a low level before start of read operation of the memory cell 
array. 
[0009] 

By the above-described operation of the data inversion circuit, 
shown in Fig. 8, the number of inverted bits in the output data 500 is 
suppressed to N/2 bits or less, thereby to reduce the switching noise 
produced by an output circuit and to reduce the power dissipation. 
[0010] 

There is a known a circuit configuration described in a 
reference 1 which compares (Ex-ORing) read data of a given cycle and 
read data of the directly previous cycle, a number of times equal to the 
number of bits, in an LSI chip, executes a majority decision of the 
number of changes in the value, and outputs an inverted (e.g. low-level) 
flag signal when the number of changes (the number of bits inverted 
from the read data of the last cycle) represents a majority, such as not 
less than N/2, while outputting reverse-phase data as output data. The 
result is that, if the number of the inverted bits is not less than one-half, 
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reverse phase data may be output, whereby the number of bits inverted in 
the data output from the output buffer may be reduced to not larger than 
one-half. There is also a function of simultaneously outputting a flag 
signal, indicating the fact of inversion, to an external device, to advise 
5 the external device as to whether or not the output data has been inverted. 
Consequently, this technique belongs to the conventional circuit having 
a data inversion function as shown in Fig. 8. 
[0011] 

Circuits having described in following references 2 and 3 which 
10 substantially have the object, effect and means for attaining the object in 
common with that of the reference 1, may be comprehended as belonging 
to the conventional technique shown in Fig. 8. 
[0012] 

[reference 1] 

15 JP Patent Kokai Publication JP-A-7-20973 (pages 2 to 4, Fig.) 
[reference 2] 

TP-A-8-101813 (page 3, Fig. 2) 

j j~ r aicm ivurui A — — - — 

[reference 3] 

JP Patent Kokai Publication JP-A-10-198475 (page 4, Fig.l) 
20 SUMMARY OF THE DISCLOSURE 
[0013] 

It should be noted that, when the conventional data inversion 
circuit is applied to a semiconductor device operating at a high speed 
clock rate, such as, for example, a double data rate synchronous dynamic 
25 random access memory (DDR-SDRAM), the following problem is 
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encountered. 
[0014] 

The DDR-SDRAM outputs data at both the rising edge and the 
falling edge of a clock signal during one cycle of the clock signal 
5 applied. Thus, in the circuit configuration shown in Fig. 8, decision on 
possible data inversion (data comparison, generation of an inversion flag 
signal and data inversion on a data bus) must be performed within one- 
half cycle of the clock signal. For example, if the clock signal has a 
frequency of 300 MHz, the time that may be used for giving a decision as 
10 to whether or not data inversion has occurred is approximately 1.67 ns. 
If the standard specifications for the width of the high level and the low 
level of the clock signal (for example 45% of a period) are also taken 
into account, the time allowed for giving a decision is 1.5 ns at the 
minimum, thus posing marked difficulties in timing designing. 
15 [0015] 

Accordingly, it is an object of the present invention to provide a 

of data inversion that may be 
circuit tor implementing w& 01 — 

applied to a semiconductor device outputting data for example, twice per 
clock cycle, that is, at the rising and falling edges of a clock signal, and 
20 to a semiconductor device effecting data inversion with the use of such 
data inversion circuit. 
[0016] 

The above and other objects are attained by a semiconductor 
device in accordance with one aspect of the present invention, which has 
25 a data inversion function, in which data of a given cycle is compared 
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with output data of a directly previous cycle to verify whether or not a 
majority in total bits constituting the data are switched and in which, 
when the majority number of bits of the data are switched, the data of 
said given cycle are inverted and the inverted data are output from a 
5 plurality of output terminals, said semiconductor device comprising: 

a plurality of data comparator circuits, each being provided in 
associated one of a plurality of paths on which a plurality of data are 
transferred in parallel, with an output sequence from the output terminal 
between said plurality of data being predetermined, and comparing 
10 temporally before and after data; 

a plurality of majority decision circuits, each receiving a 
plurality of comparison results which are output by the corresponding 
data comparator circuit, and the number of which corresponds to the 
number of said output terminals, and performing a majority decision of 
15 the comparison results received to output a decision result; and 

a plurality of inversion flag generating circuits, each receiving 
the decision result from the corresponding majority decision circuit and 
generating an inversion flag indicating that data is inverted and is output 
from said output terminals, based on the decision result. 
20 The decisions of data inversion for a plurality of cycles are made 

in parallel. 
[0017] 

According to the present invention, the semiconductor device 
preferably includes a plurality of the data comparator circuits, a 
25 plurality of the majority decision circuits and a plurality of the inversion 



flag generating circuits for a path on which data prescribed by the rising 
edge of double-rate clock signal is transferred and a path on which data 
prescribed by the falling edge of the double-rate clock signal is 
transferred. 
5 [0018] 

A semiconductor device in accordance with another aspect of the 
present invention comprises: 

a plurality of data output terminals; 

first to P-th ports for one of said output terminals, for outputting, 
10 in parallel, first to P-th bit data to be output via said one data output 
terminal, where P is a predetermined integer not less than two, said first 
to the P-th bit data being output in this order via each data output 
terminal; 

first to P-th data comparator circuits provided in association with 
15 said first to P-th ports, an i-th data comparator circuit of said data 
comparator circuits, where i is an integer from 1 to P, comparing data of 
the (i-l)st port, where if i =1, (i-l)st port is the P-th port or an initial 
value, with data of the i-th port to output an i-th comparison flag signal, 
first to P-th majority decision circuits provided in association 
20 with first to P-th data comparator circuits, the i-th majority decision 
circuit of said majority decision circuits, where i is an integer from 1 to 
P, receiving the i-th comparison signal, a number of which is equal to the 
number of the data output terminals of the semiconductor device and 
checking whether or not number of non-coincidence is the majority; 
25 first to P-th inversion flag generating circuits provided in 
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association with said majority decision circuits, the i-th inversion flag 
generating circuit of said first to P-th inversion flag generating circuits, 
where i is an integer from 1 to P, comparing an inversion flag signal of 
the (i-l)st one of said ports, where if i =1, (i-l)st port is the P-th port or 
5 an initial value, with the result of decision of the i-th majority decision 
circuit to output an i-th inversion flag signal; and 

first to P-th data inversion circuits for controlling inversion of 
associated data based on the associated inversion flag signal, the i-th 
data inversion circuit of said data inversion circuits, where i is an 
10 integer from 1 to P, inverting data on said i-th port, thereby for the 
inverted data to be output from said data output terminal, if said i-th 
inversion flag signal indicates the inversion. 
[0019] 

According to the present invention, the data of the first to P-th 
15 ports are sequenced, for one data output terminal, in the order of the first 
port up to the P-th port, so that the data are serially converted and 

nntnn t 
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[0020] 

A semiconductor device in accordance with another aspect of 
20 the present invention, in which data are output twice from one data 
terminal during each clock cycle, based on transition of the clock signal 
from a first logic value to a second logic value and from the second logic 
value to the first logic value. The semiconductor device comprises first 
and second data comparator circuits, which are connected to first and 
25 second paths, respectively. The data output on a first transition of the 
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clock signal from the first logic value to the second logic value and on a 
second transition thereof from the second logic value to the first logic 
value are transmitted on the first and second paths, respectively. The 
first data comparator circuit verifies the presence or absence of data 
5 switching in the second transition directly previous to the first transition 
and in the first transition, based on verifying, by comparison, whether or 
not the data in a first transition timing of the clock signal on the first 
path is coincident with the data in a second transition timing of the clock 
signal on the second path directly previous to the first transition timing, 
10 and outputs the result of decision as a first output signal. The second 
data comparator circuit verifies the presence or absence of data 
switching in the first transition and in the second transition directly 
previous to the first transition, based on verifying, by comparison, 
whether or not the data in the first transition timing of the clock signal 
15 on the first path is coincident with the data in the second transition 
timing of the clock signal next following the first transition timing, and 
outputting the result of decision as a second output signal. The 
semiconductor device also comprises a first majority decision circuit 
receiving a set of first output signals a number of which is equal to the 
20 data terminals of the semiconductor device, output from the first data 
comparator circuits for verifying whether or not the majority of the data 
in the first group of the output signals have been switched to output a 
first check result signal, and a second majority decision circuit receiving 
a set of second output signals, a number of which is equal to the data 
25 output terminals of the semiconductor device, output from the second 
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data comparator circuits for verifying whether or not the majority of the 
data in the second group of the output signals have been switched to 
output a second check result signal. The semiconductor device also 
comprises a first inversion flag generating circuit for generating a first 
5 inversion flag from the first decision result signal from the first majority 
decision circuit and from the value of a second inversion flag previous at 
least by one transition of the clock signal, a second inversion flag 
generating circuit for generating a second inversion flag from the second 
decision result signal from the second majority decision circuit and from 
10 the value of the first inversion flag previous at least by one transition of 
the clock signal, a first data inversion circuit for inverting the data 
of the first path and outputting the resulting inverted data if, based on 
the value of the first inversion flag, the first inversion flag indicates that 
the majority of the data have been switched, and a second data inversion 
15 circuit for inverting the data of the second path and outputting the 
resulting inverted data if, based on the value of the second inversion flag, 
the first inversion flag indicates that the majority of the data have been 
switched. The first and second inversion flag generating circuits 
output the first and second inversion flag signals, as flags indicating the 
20 inversion of the output data, from a control terminal of the 
semiconductor device. 
[0021] 

According to the present invention, the first and second data 
comparator circuits and the first and second data inversion circuits in the 
25 semiconductor device are provided in a stage of a latch circuit unit 
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provided on a data bus on which data of the first and second paths are 

transmitted to the output circuit. 

[0022] 

According to the present invention, the semiconductor device 
5 preferably includes a parallel-to-serial conversion circuit receiving 
outputs from the first and second data inversion circuits in parallel, 
performing the parallel to serial conversion of the outputs and for 
outputting the resulting data, and an output buffer circuit supplied with 
output data from the parallel-to-serial conversion circuit for outputting 
10 the data from an output terminal. 
[0023] 

According to the present invention, the latch circuit unit of the 
semiconductor device preferably includes first and second latch circuits 
connected to the first and second paths, respectively, and adapted for 
15 latching and outputting the first and second data, output to the first and 
second paths in parallel, with the first and second transitions of the first 
„„ — n„„ Mor.lr si^al. resDectivelv, a third latch circuit for sampling the 
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output of the first latch circuit with one of the first and second 
transitions of the first sampling clock signal and for outputting the 
20 sampled signal with the other transition of the first sampling clock 
signal, a fourth latch circuit receiving an output of the second latch 
circuit and for latching and outputting the input signal with the one of 
the first and second transitions of the first sampling clock signal, a fifth 
latch circuit receiving an output of the fourth latch circuit and for 
25 latching and outputting the input signal with the one of the first and 
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second transitions of the first sampling clock signal and a sixth latch 
circuit receiving an output of the fifth latch circuit and for latching and 
outputting the input signal with the other of the first and second 
transitions of the first sampling clock signal. 
[0024] 

According to the present invention, the first data inversion circuit 
of the semiconductor device is preferably comprises a first selection 
circuit which receives an output of the third latch circuit and an inverted 
signal thereof, and which also is supplied with the first inversion flag 
) signal, as a selection control signal, the first selection circuit outputting 
the inversion signal when the first inversion flag signal indicates 
inversion, while the second data inversion circuit thereof is formed by a 
second selection circuit which is supplied with an output of the sixth 
latch circuit and an inverted signal thereof, and which also is supplied 
5 with the second inversion flag signal, as a selection control signal, the 
second selection circuit outputting the inversion signal when the second 

• ^ — n 0 « ^ ; rr^ol ir»rli^5*t*»c inversion. 

inversion nag 3Agiic*x *— ~ 

[0025] 

According to the present invention, the first data comparator 
20 circuit of the semiconductor device is supplied with data of the first path 
and with an output of the fourth latch circuit for detecting the 
coincidence thereof, while the second data comparator circuit is supplied 
with data of the first and second paths for detecting the coincidence 
thereof. 
25 [0026] 
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According to the present invention, the first inversion flag 
generating circuit of the semiconductor device includes a first 
comparator circuit for checking whether or not the first check result 
signal from the first majority decision circuit coincides with the 
5 inversion flag from the second inversion flag generating circuit, and 

a seventh latch circuit for sampling an output of the first 
comparator circuit with one of the first and second transitions of a 
second sampling clock signal and for outputting the sampled output with 
the other transition. The second inversion flag generating circuit 
10 includes an eighth latch circuit for latching and outputting the second 
check result signal from the second majority decision circuit with the 
other of the first and second transitions of the sampling second clock 
signals, a second comparator circuit for verifying whether or not the first 
inversion flag from the first inversion flag generating circuit is 
15 coincident with an output of the eighth latch circuit, and a ninth latch 
circuit for sampling an output of the eighth comparator circuit with one 
of the first and second transitions of the sampling second clock signals 
and for outputting the sampled output with the other transition. 
[0027] 

20 According to the present invention, the semiconductor device 

may further comprise means for resetting the fourth latch circuit. 
Moreover, according to the present invention, the semiconductor device 
may further comprise means for resetting the ninth latch circuit. 
[0028] 

25 According to the present invention, the first and second clock 
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signals in the semiconductor device are preferably generated by clock 
signals supplied from outside the semiconductor device to the 
semiconductor device and are synchronized with each other. 
[0029] 

According to the present invention, the semiconductor device 
may further comprise a clock synchronized type semiconductor memory 
for outputting read data from a cell array at a timing of a rising edge and 
a falling edge of a clock signal, wherein read data from the cell array of 
the semiconductor memories is output at a rising edge and at a falling 
edge of the clock signal. 
[0030] 

A data inversion circuit for outputting parallel data composed by 
N bits, where N is an integer not less than two, in accordance with 
another aspect of the present invention, preferably comprises: 

N sets of first to P-th data comparator means, in association with 
said N bits, 

said first to P-th data comparator means classifying said parallel 
data into P sets of parallel data neighboring to one another in the 
outputting timing sequence, P being an integer not less than two, said 
first to P-th data comparator means comparing the logic value of each of 
the first to P-th parallel data with the logic value of the parallel data to 
be output temporally directly previously to said first to P-th parallel data, 
at the same bit positions as those of the first to P-th parallel data, and 
outputting a comparison result as a logic value indicating coincidence or 
non-coincidence; 
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first to P-th majority decision means, p-th majority decision 
means of said majority decision means, where p is an integer from not 
less than 1 to not larger than P, verifying whether or not the number of 
non-coincident ones of N logic values output from said P-th data 
comparator means of one of said N sets is larger than a preset number 
and outputting a decision result as a logic value; 

first to P-th inversion flag generating means, p-th majority 
decision means of said inversion flag generating means, where p is an 
integer from not less than 1 to not larger than P, deciding whether or not 
there is a coincidence of an output logic value of the (p-l)st inversion 
flag with an output logic value of said p-th majority decision means, and 
outputting the logic value of the decision result as a p-th inversion flag; 

data holding means holding output logic value of said P-th 
inversion flag generating means; 

said first inversion flag generating means deciding whether or not 
there is a coincidence of an output logic value of said P-th inversion flag 
generating means, held by the data holding means, with an output logic 
value of said first majority decision means, and outputting the logic 
value of the decision result as a first inversion flag; 

N sets of first to P-th data inversion means, in association with 
said N bits, said first to P-th data inversion means inverting the logic 
values in respective bit positions of said first to P-th parallel data 
responsive to said first to P-th inversion flags; 

flag outputting means, receiving said first to P-th inversion flags 
in parallel output from said first to P-th inversion flag generating means 



16 



and performing parallel to serial conversion of said inversion flags 
received to output serially the resultant inversion flag signal in a 
predetermined timing sequence; and 

N sets of data outputting means, in association with said N bits, 

5 each data outputting means performing receiving output data signals in 
parallel from said first to P-th data inverting means and performing 
parallel to serial conversion of the signals received to output the 
resulting output data from the associated output terminal synchronized 
with the timing sequence of said inversion flags output by said flag 

10 outputting means. 
[0031] 

According to the present invention, at least one of the data 
comparator means, majority decision means, inversion flag generating 
means, data inverting means, flag outputting means and the data 
15 outputting means is operated in synchronism with a clock signal and data 
is output from the data outputting means in synchronism with the clock 
signals and data outputting of the flag outputting means synchronized 
with the clock signals. 
[0032] 

20 According to the present invention, at least one of data 

comparator means, majority decision means, inversion flag generating 
means, data inverting means, flag outputting means and the data 
outputting means is operated in synchronism with a rising and a falling 
of a clock signal and data is output from the data outputting means in 

25 synchronism with the clock signals and with data outputting of the flag 
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outputting means synchronized with the rising and the falling of the 

clock signals. 

[0033] 

According to the present invention, data output from the flag 
outputting means includes the information as to whether or not the data 
output from the data outputting means is the original data which is 
supplied to the data inversion circuit and the logic value of which has 
been inverted. 
[0034] 

According to the present invention, P is preferably 2 or 4. 
Additionally, according to the present invention, the preset number is 
N/2 or an integer in the neighborhood thereof. 
[0035] 

The semiconductor device according to the present invention may 
include a data inversion circuit according to the present invention. 
[0036] 

According to the present invention, the semiconductor device 
may include a data inversion circuit wherein a plural number of data read 
at a time by a pre-fetch operation from a memory array are separated into 
data associated with the rising of the clock signal and data associated 
with the falling thereof, and are supplied in this state, with P being equal 
to 2. 

Still other objects and advantages of the present invention will 
become readily apparent to those skilled in this art from the following 
detailed description in conjunction with the accompanying drawings 
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wherein only the preferred embodiments of the invention are shown and 
described, simply by way of illustration of the best mode contemplated 
of carrying out this invention. As will be realized, the invention is 
capable of other and different embodiments, and its several details are 

5 capable of modifications in various obvious respects, all without 
departing from the invention. Accordingly, the drawing and description 
are to be regarded as illustrative in nature, and not as restrictive. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a block diagram showing a configuration of a data 

10 inversion circuit embodying the present invention. 

Fig. 2 is a block diagram showing a configuration of a data 
inversion circuit according to a first embodiment of the present 
invention. 

Fig. 3 is a block circuit diagram showing essential portions of the 
15 data inversion circuit according to a first embodiment of the present 
invention. 
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symbols shown in Fig. 3. 

Fig. 5 depicts a timing chart showing the operation of signals 

20 shown in Figs. 2 and 3. 

Fig. 6 depicts examples of data changes of respective signals in 
the data inversion circuit according to the first embodiment of the 
present invention. 

Fig. 7 is a block diagram showing a configuration of a data 
25 inversion circuit according to a second embodiment of the present 
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invention. 

Fig. 8 is a block diagram showing a configuration of a 
conventional data inversion circuit. 
PREFERRED EMBODIMENTS OF THE INVENTION 
5 [0037] 

Referring to the drawings, preferred embodiments of the present 
invention will be described in detail. 
[0038] 

Fig.l depicts a block diagram showing the configuration of a data 
10 inversion circuit according to an embodiment of the present invention. 
Referring to Fig.l, the data inversion circuit includes data comparator 
means 21, 22, and 2P, majority decision means 31, 32, and 3P, 
inversion flag generating means 41, 42, ■ • •, and 4P, data inverting means 
51, 52, • ■, and 5P, flag outputting means 6, data outputting means 7 and 
15 data holding means 8. In the present embodiment, P is an integer not 
less than 2. 



Meanwhile, data read means 9, composed of the data comparator 
means 21, 22, and 2P, the data inverting means 51, 52, and 5P and 
20 the data outputting means 7, is provided in association with a 
predetermined one bit of parallel data made up by N bits, where N is an 
integer not less than 2. 
[0040] 

N-bit parallel data 10k, where k denotes an integer from 1 to P, 
25 output from a parallel data supplying means 1, are supplied to the 
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corresponding data inverting means 5k, data comparator means 2k and to 
data comparator means 2(k+l). However, the parallel data 10P, 
supplied to the data inverting means 5P, are also supplied to the data 
comparator means 2P. Moreover, the parallel data 100 are supplied to 
5 the data comparator means 21. 
[0041] 

It should be noted that the smaller the suffix k of the parallel data 
10k, the earlier is the time at which the parallel data is output from the 
data outputting means 7, and that the parallel data 100 is of the same 
10 data contents as the parallel data 10P in the temporally directly previous 
P parallel data. 
[0042] 

The data comparator means 2k compares logic values of 
corresponding bit positions of the parallel data 10k and the parallel data 
15 10(k-l) and outputs a state of whether or not the logic values coincide 
with each other by a logic value 20k. 

The majority decision means 3k receives the logic values 20k for 
N bits and decides whether or not the number of non-coincidences in the 
20 N logic values 20k is larger than a preset number to output the result of 
the decision as a logic values 30k. This preset number here is e.g. N/2 
or an integer value in its vicinity. 
[0044] 

The inversion flag generating means 4k checks the coincidence 
25 between the output logic value of the (k-l)st inversion flag 40(k-l) and 
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the logic value 30k output from the kth majority decision means 3k to 
output the logic values of the results of check as the kth inversion flag 
40k. It should be noted that the inversion flag 400 is output from the data 
holding means 8, and that the data holding means 8 holds the inversion 
5 flag 40P output from the inversion flag generating means 4P to output 
the so held contents as the inversion flag 400. 
[0045] 

The data inverting means 5k performs the inversion of logic 
values of corresponding bits of the parallel data 10k, by way of logic 
10 negation, depending on the inversion flag 40k, and outputs the result as 
an output 50k. 
[0046] 

The flag outputting means 6 outputs the inversion flag 40k. For 
example, the flag outputting means 6 arrays serially in a timing sequence 
15 the inversion flags which are entered in parallel, to output the inversion 
flags at an output terminal synchronized with a preset clock signal, not 

J11V M A* . 

[0047] 

The data outputting means 7, which sends out the outputs 50k, is 
20 designed to array the outputs 50k, entered e.g. in parallel, in timing 
sequence, to send out these outputs serially at an output terminal in 
synchronism with a preset clock signal, not shown. 
[0048] 

In a data inversion circuit according to an embodiment of the 
25 present invention, as described above, the parallel N-bit data 10k, output 
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from the parallel data supplying means 1, are arrayed chronologically 
and compared to the parallel data of the directly previous cycle. If the 
majority of bits, for example, not less than N/2 bits or not less than an 
integer ahead or in rear of N/2, are inverted, the parallel data of the 

5 cycle in question are output as the logic state thereof is inverted. This 
suppresses the number of bits of data inverted at the time of outputting 
to e.g. an external bus by the data outputting means 7 to not larger than 
N/2 or an integer ahead or in rear of N/2 to reduce the noise generated by 
the outputting circuit and the current consumption. 

10 [0049] 

There are P each of the data comparator means 21, 22, and 2P, 
majority decision means 31, 32, and 3P, inversion flag generating 
means 41, 42, and 4P and the data inverting means 51, 52, and 5P, 
these operating in parallel in one cycle. This assures facilitated timing 
15 designing in implementing the data inversion circuit which is in 
operation in stability even if the operating frequency is increased. 



[0050] 

In generating the inversion flag 40k, in a data inversion circuit 
20 according to an embodiment of the present invention, inversion flags 401, 
402, • •, and 40P are calculated from the outputs of inversion flag 
generating means 41, 42, — , and 4P and the outputs of the inversion 
flag generating means 4P of the cycle directly previous to the cycle in 
question, instead of comparing the data of a cycle directly previous 
25 to the cycle in question, actually output from the data inversion circuit, 
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to the parallel data of the cycle in question, and generating the inversion 
flag 40k from the result of the majority decision. This assures facilitated 
designing of the timings in implementing the data inversion circuit 
which is in operation in stability even if the operating frequency is 
5 increased. 
[0051] 

More detailed description will be done in the below as to an 
embodiment of the present invention in which the invention is applied to 
the cases where P = 2 and P = 4. In the description, the signal name 

10 with the suffix _B, such as a signal XYZ_B, designates an inverted 
signal (complemented signal) of the signal XYZ. A terminal name/A 
denotes a terminal in which an inverted signal of a signal A is received 
or output. 
[0052] 

15 [Embodiment 1] 

Fig. 2 is a block diagram showing the configuration of a data 
• :* — ^^rAi^r* tn c firct <>ttihnrlimp,nt of the r>resent 
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invention, where P = 2. Referring to Fig. 2, the data inversion circuit 
according to the first embodiment of the present invention comprises 

20 main amplifiers 11 to 14, a parallel-to-serial conversion circuits 15, bus 
drivers 16 and 17, a latency latch circuit 18, data comparator circuits 211 
and 212, majority decision circuits 311 and 312, an inversion flag 
generating circuit 40, data inversion circuits 511 and 512, parallel to 
serial conversion circuits 61 and 71, output buffer circuits 62 and 72, 

25 and output pins 63 and 73. 
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[0053] 

Meanwhile, a data read unit 90, which is composed by the main 
amplifiers 11 to 14, parallel-to-serial conversion circuit 15, bus drivers 
16 and 17, latency latch circuit 18, data comparator circuits 211 and 212, 
5 data inversion circuits 511 and 512 parallel to serial conversion circuit 
71, output buffer circuit 72 and the output pin 73, is provided in 
association with a preset one bit of N-bit parallel data, where N is an 
integer not less than 2. 
[0054] 

10 Four data, read at a time from a memory array, not shown, by e.g. 

a pre-fetch operation, are amplified by the main amplifiers 1 1 to 14, so 
as to be output as signals MAQ0, MAQ1, MAQ2 and MAQ3, respectively. 
The parallel-to-serial conversion circuit 15 performs the parallel-to- 
serial conversion of e.g. the signals MAQ0 and MAQ2 into data MAQR 

15 which is associated with a rising side of a clock signal, not shown, while 
performing the parallel-to-serial conversion of e.g. the signals MAQ1 
A/TAn^ intn Hat* MADF assr^iatp.H with a falling side of the clock 
signal. The bus drivers 16 and 17 send out the data MAQR, MAQF as 
data signals DATAR_B and DATAF_B, respectively. 

20 [0055] 

The data signals DATAR_B and DATAF_B are supplied to the 
latency latch circuit 18 and to the data comparator circuits 211 and 212. 
The latency latch circuit 18 delays the data signal DATAR_B and outputs 
a data signal DATAR3 at a preset timing to the data inversion circuit 511. 
25 The latency latch circuit 18 delays the data signal DATAF_B and outputs 
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a data signal DATAF2_B at a preset timing to the data comparator circuit 
211, while outputting the data signal DARAF3 at a preset timing to the 
data inversion circuit 512. 
[0056] 

5 The data comparator circuit 211 compares the data signal 

DATAR_B on the rising side of a cycle to the data signal DATAF2_B on 
the falling side in the previous cycle, output by the latency latch circuit 
18, by Ex-OR, to output a rising side comparison signal INVR. The 
data comparator circuit 212 compares the data signal DATAF_B on the 
10 falling side of the cycle in question to the data signal DATAR_B on the 
rising side of the cycle in question to output a falling side comparison 
signal INVF. 
[0057] 

The signals INVR and INVF respectively indicate whether or not 
15 there occurs data switching. Should there be data switching, the 
comparison signals INVR and INVF at a high level are output. 
[00581 

N number of comparison signals INVR are supplied to the 
majority decision circuit 311 of the rising side, whilst N number of 

20 comparison signals INVF are supplied to the majority decision circuit 
312 of the falling side. The majority decision circuit 311 determines 
whether or not more than half the input data have been switched, that is 
whether or not the number of the high-level comparison signals INVR is 
not less than N/2, and outputs a majority decision signal DATAINVR 

25 representing the result of decision. The majority decision circuit 312 
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determines whether or not more than half the input data have been 
switched, that is whether or not the number of the high-level comparison 
signals INVF is not less than N/2, and outputs a majority decision signal 
DATAINVF representing the result of decision. If one-half or more of 
the data have been switched, the majority decision signals DATAINVR, 
DATAINVF are set to a high level. The majority decision signals 
DATAINVR and DATAINVF are sent to the inversion flag generating 
circuit 40. 
[0059] 

In the inversion flag generating circuit 40, the rising side 
inversion flag signal DINV is generated by processing, by e.g. Ex-OR, 
the rising side majority decision signal DATAINVR of the current cycle 
(cycle in question) and the falling side inversion flag signal DINVF of 
the directly previous cycle. On the other hand, the falling side 
inversion flag signal DINV is generated by processing, by e.g. Ex-OR, 
the falling side majority decision signal DATAINVF of the current cycle 
and the rising side inversion flag signal DINVR of the current cycle = 
[0060] 

The reason why the majority decision signal DATAINVR and 
DATAINVF are processed with e.g. Ex-OR with the inversion flag 
signals DINVR and DINVF is that the data being processed e.g., with 
data comparison are data on the inner data bus and not data actually 
output to outside via output pin 73. For example, if a decision to the 
effect that more than one-half of data have been switched is issued by 
the majority decision circuits one after the other, the latter data must be 
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output without inversion from the output pin. 
[0061] 

On the other hand, the inversion flag signal DINVR is supplied to 
the data inversion circuit 511, while the inversion flag signal DINVF is 
5 supplied to the data inversion circuit 512. When the inversion flag 
signal DINVR is high, that is, when one-half or more data have been 
switched, the data inversion circuit 511 inverts data of the data signal 
DATAR3 and then supplies the inverted data to the parallel to serial 
conversion circuit 71, whereas, if the inversion flag signal DINVR is low, 

10 that is when less than one-half data have been switched, the data 
inversion circuit 511 supplies data of the data signal DATAR3, without 
inversion, to the parallel to serial conversion circuit 71. In both of 
these cases, the data signal from the data inversion circuit 511 is output 
as an output data signal DOR. 

15 [0062] 

When the inversion flag signal DINVF is high, that is, when one- 
half or more data have been switched^ the data inversion circuit 512 
inverts data of the data signal DATAF3 and supplies the inverted data 
to the parallel to serial conversion circuit 71, whereas, if the inversion 

20 flag signal DINVF is low, that is when less than one-half data have been 
switched, the data inversion circuit 512 supplies data of the data signal 
DATAF3, without inversion, to the parallel to serial conversion circuit 
71. In both of these cases, the data signal from the data inversion 
circuit 512 is output as an output data signal DOF. Meanwhile, as the 

25 circuit for inverting the output data based on the logic value of the 
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inversion flag, an Ex-OR circuit which receives the data signals and the 

inversion flag may be used. 

[0063] 

The parallel to serial conversion circuit 71 performs parallel to 
serial conversion of the output data signal DOR for the rising data and 
the output data signal DOF for the falling data to send out the resulting 
signals in the timing sequence to the output buffer circuit 72 as the 
signal DO. The output buffer circuit 72 amplifies the signal DO to output 
the amplified signal from the output pin 73 as a signal DQj (j = 1 to N). 
[0064] 

On the other hand, the inversion flag signals DINVR and DINVF 
are supplied to the parallel to serial conversion circuit 61 so as to be 
supplied as a signal DINV in the timing serial sequence to the output 
buffer circuit 62. The output buffer circuit 62 amplifies the signal DINV 
to output the amplified signal as signal DQM from the output pin 63. 
Meanwhile, the signal DINV is output as it is synchronized with the 
corresponding signal DO. 
[0065] 

The latency latch circuit 18, data comparator circuits 211 and 212, 
inversion flag generating circuit 40 and the data inversion circuits 511 
and 512, as essential portions of the above-described first embodiment, 
will now be described in detail. Fig. 3 is a block circuit diagram 
showing major portions according to the first embodiment of the present 
invention. Fig. 4 depicts an equivalent circuit configuration of circuit 
symbols used in Fig. 3. 
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[0066] 

In Fig. 3, reference numerals 1801, 1802, 1804, 1811, 2111, 2112, 
2121, 2122, 4001, 4004, 4005, 4007, 4011, 4012, 5111 and 5121 denote 
inverter circuits. A reference numeral 1807 denotes a NAND circuit, 
and a reference numeral 4009 denotes a NOR circuit. Reference numerals 
2113, 2123, 4002, 4008, 5112 and 5122 are selection circuits, the 
equivalent circuit of which is shown in Fig.4A. The selection circuit 
receives two input signals from input terminals A and B and receives 
complementary selection control signal from terminals S and /S and 
output a selected signal from an output terminal /Y, in which when the 
terminal S is high, the signal supplied to the terminal A is selected and 
the signal fed to the terminal A is inverted and output from the terminal 
/Y, while when the terminal S is low, the signal supplied to the terminal 
B is selected and the signal fed to the terminal B is inverted and output 
from the terminal /Y. 
[0067] 

Reference numerals 1805, 4003 and 4010 are edge tHaoprpH n_ 

o ~ O O — - 

flip-flop (D register) circuits, the equivalent circuit of which is shown in 
Fig.4B. A reference numeral 1808 is a D-latch circuit(level sensitive 
latch), the equivalent circuit of which are shown in Fig.4C. Reference 
numerals 1803, 1806, 1809, 1810 and 4006 are D-latch circuits, 
outputting the inverting output signal(/Q), and the equivalent circuit of 
which is shown in Fig.4D. The D-flip-flop and D-latch circuits shown 
in Figs.4B-4D are well known and the description of the configurations 
and operations thereof is omitted. 
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[0068] 

It is noted that the signals QCLKFF and QCLKFF_B are clock 
signals which are opposite in phase to each other, while the signals 
QCLKDINV and QCLKDINV_B are clock signals which are opposite in 
phase to each other. These clock signals are synchronized with the 
clock signals (CLK), not shown, supplied from outside the data inversion 
circuit. 
[0069] 

It is noted that a signal RSTQ_B is a reset signal for initializing 
the latency latch circuit 18, while a signal RSTDINV is a reset signal for 
initializing the inversion flag generating circuit 40. 
[0070] 

The inverter 2111, 2112, 2121, 2122, 4001, 4004, 4005, 4007, 
4012, 5111 and 5121 generate inversion signals which are needed in 
respective destinations of connection thereof. 
[0071] 

The circuit operation of Figs. 2 and 3 is now explained. Fig. 5 
shows a timing chart of the operations of the circuits shown in Figs. 2 
and 3. 
[0072] 

On receipt of a read command from a circuit, not shown, at a 
timing TO of the clock signal (CLK) (COMMAND is READ), the main 
amplifiers 11 to 14 output delayed 4-bit data (Q0 to Q3) as signals 
MAQ0 to MAQ3. The signals MAQ0 and MAQ2 are then arrayed serially 
through the parallel-to-serial conversion circuit 15 and the bus driver 16 



so as to be output as a signal DATAR_B, while the signals MAQ1 and 
MAQ3 are arrayed serially through the parallel-to-serial conversion 
circuit 15 and the bus driver 17 so as to be output as a signal DATAF_B. 
[0073] 

5 The data Q0 and Ql are output in the signals DATAR_B and 

DATAF_B at a timing T2 of the clock signal CLK, respectively, while the 
data Q2 and Q3 are output in the signals DATAR_B and DATAF_B at a 
timing T3 of CLK, respectively. It is noted that, for the signal 
DATAF_B, a data Q-l (initial state) is output before a timing of T2 of 
10 the clock signal CLK. 
[0074] 

The signal DATAR_B is supplied to the latency latch circuit 18 
and to the data comparator circuits 211 and 212, while the signal 
DATAF_B is supplied to the latency latch circuit 18 and to the data 
15 comparator circuits 212. The signal DATAR_B, supplied to the latency 
latch circuit 18, is delayed by approximately 1.5 clocks, by the D-latch 

~ : ± i ono ; _ , . ~ ~ ~ : ; * i o r\ a j i *i -r\ .n ~ : : x 1 onr 
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and supplied as a signal DATAR3 to the data inversion circuit 511. 
[0075] 

20 The signal DATAF_B, supplied to the latency latch circuit 18, is 

output as a signal delayed by approximately one clock DATAF2_B, 
through the D-latch circuit 1806, NAND circuit 1807 and the D-latch 
circuit 1808, while being delayed by approximately two clocks by the 
D-latch circuits 1809 and 1810 and the inverter circuit 1811, so as to be 

25 supplied as a signal DATAF3 to the data inverting circuit 512. When 
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the signal RSTQ_B at a low level is supplied to the NAND circuit 1807, 

the D-latch circuits 1808 to 1810 are initialized. 

[0076] 

On the other hand, the signals DATAR_B and DATAF2_B are 
supplied to the data comparator circuit 211 so as to be processed with 
Ex-OR by the inverter circuits 2111, 2112 and by the selection circuit 
2113 for data comparison. 
[0077] 

That is, by the signal DATAR_B being supplied to a terminal S of 
the selection circuit 2113, by the signal DATAR_B being inverted 
(logically negated) by the inverter circuit 2111 and then being supplied 
to the terminal /S of the selection circuit 2113, by the signal DATAF2_B 
being supplied to the terminal A of the selection circuit 2113 and by the 
signal DATAF2_B being inverted (logically negated) by the inverter 
circuit 2112 and then being supplied to the terminal B of the selection 
circuit 2113, the Ex-OR operation by the logic equation of 

/V = n ATA P 9 R./nATAD T3 _l /r\ ata tj.t^at-ati t-» 
' - — ' — ' j-' ^ v a ^ v av ij • / juf jtl jl r\ x • <c jj l-/ni/\I\ J3 

is carried out to compare the signal DATAF2_B to the signal DATAR_B, 
and the result of comparison is output to a terminal /Y of the selection 
circuit 2113. That is, in case the logic values of the DATAF2_B and the 
signal DATAR_B are not coincident to each other, the terminal /Y is 
high and is output as a signal INVR. It is noted that /, • and + denote 
logical negation, logical product and the logical sum, respectively. 
[0078] * 

The result of the data comparison is supplied as signal INVR 



33 



from the data comparator circuit 211 to the majority decision circuit 311. 
[0079] 

On the other hand, the signal DATAR_B and DATAF_B, supplied 
to the data comparator circuit 212, are processed with Ex-OR by the 
5 inverter circuits 2121 and 2122 and by the selection circuit 2123 by way 
of data comparison. That is, the processing equivalent to the processing 
with Ex-OR, described above, is carried out and the result of the data 
comparison is supplied as a signal INVF from the data comparator circuit 
212 to the majority decision circuit 312. 
10 [0080] 

N comparison signals INVR are supplied to the majority decision 
circuit 311 associated with the rising side, while N comparison signals 
INVF are supplied to the majority decision circuit 312 associated with 
the falling side. The majority decision circuit 311 checks to see 
15 whether or not one-half or more of the input data have been switched, 
that is whether or not the number of the high level comparison signals is 

Tint lp.SK than TSl/9 Tf the* mimh^r ic n r\t looo +U ,^ „ XT/1 U : ~U 1 ~ 1 „: i 
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is output as the majority decision signal DATAINVR. Also, the majority 
decision circuit 312 checks to see whether or not one-half or more of the 

20 input data have been switched, that is whether or not the number of the 
high level comparison signals is not less than N/2. If the number is not 
less than N/2, a high level signal is output as the majority decision 
signal DATAINVF. It is noted that any suitable known majority 
decision circuit may be used as the majority decision circuits 311, 312. 

25 [0081] 
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The majority decision signal D ATAINVR and the inversion flag 
signal DINVF are processed with Ex-OR by the inverter circuit 4001 and 
the selection circuit 4002 by way of data comparison. The processing 
operation equivalent to the Ex-OR described above is carried out and the 
5 result of data comparison is delayed by approximately one clock by the 
edge triggered D-flip-flop circuit 4003 and the inverter circuit 4004 and 
output as a signal DINVR. 
[0082] 

The majority decision signal DATAINVF, delayed by 
10 approximately 0.5 clock by the D-latch circuit 4006, are processed with 
Ex-OR by the inverter circuit 4007 and the selection circuit 4008 for 
data comparison. The processing operation equivalent to the Ex-OR 
described above is carried out and the result of data comparison is 
delayed by approximately one clock by the NOR circuit 4009, edge 
15 triggered D-flip-flop circuit 4010 and the inverter circuit 4011 and 
output as a signal DINVF. Meanwhile, when the high level signal 

* ■»--«- * » Juj/^/iiuu lO uiiv^ n vi\ ^ii Lull Lilt t/UgC Ulg^CiCU LJ — 

flip-flop circuit 4010 is initialized. 
[0083] 

20 The inversion flag signal DINVR and the signal DATAR3 are 

processed with Ex-OR by the inverter circuit 5111 and the selection 
circuit 5112 in the data inverting circuit 511, so that, when the inversion 
flag signal DINVR is high, an inverted signal of the signal DATAR3 is 
output as the signal DOR. That is, the data Q0 of the signal DATAR_B is 

25 delayed by approximately two clocks and is presented as the data QO of 
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the signal DOR or as the data QO inverted in logic state. Similarly, the 
data Q2 of the signal DATAR_B is delayed by approximately two clocks 
and is presented as the data Q2 of the signal DOR or as the data Q2 
inverted in logic state. 
[0084] 

The inversion flag signal DINVF and the signal DATAF3 are 
processed with Ex-OR by the inverter circuit 5121 and the selection 
circuit 5122 in the data inversion circuit 512, such that, when the 
inversion flag signal DINVF is high, an inverted signal of the signal 
DATAF3 is output as the signal DOF. That is, the data Ql of the signal 
DATAF_B is delayed by approximately 2.5 clocks and is presented as 
data Ql of the signal DOF or as the data Ql with the inverted logic state. 
Similarly, the data Q3 of the signal DATAF_B is delayed by 
approximately 2.5 clocks and is presented as data Q3 of the signal DOF 
or as the data Q3 with the inverted logic state. 
[0085] 
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signal DOF are arrayed by the parallel to serial conversion circuit 71 as 
serial data and are serially output from the output pin 73 as signal DQj 
by the output buffer circuit 72. 
[0086] 

The flags of the data Q0 and Q2 of the inversion flag signals 
DINVR and the flags of the data Ql and Q3 of the inversion flag signals 
DINVF are arrayed by the parallel to serial conversion circuit 61 as 
serial data output serially, and are output from the output pin 63 as a 
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signal DQM by the output buffer circuit 62. 
[0087] 

Taking an instance of specified numerical data, changes in the 
respective signals are explained. Fig. 6 shows an instance of the 
changes in the respective signals in the data inverting circuit of the first 
embodiment of the present invention. 
[0088] 

As a specified example, such a case is scrutinized in which four 
8-bit data, namely "11111111", "00000000", "11111111" and "00000000" 
(Q0, Ql, Q2 and Q3, respectively) are sequentially consecutively read 
from a memory. The respective signals DATAR_B and DATAF_B, output 
from the bus drivers 16, 17, are inverted signals of the read data from the 
memory. However, it is assumed that, in the following explanation, 
non-inverted signals DATAR, DATAF are being output, only for clarity 
sake. 
[0089] 

If, in the cvcle of reading out thp Hoto nn oi ,,„t..~ 

- a — — >< * , value 

"11111111" of the rising side signal DATAR and the initial state 
"00000000" of the falling side signal DATAF are compared (Ex-ORed) to 
each other, all of the eight bits have been switched. Thus, "11111111" 
is output as a rising side comparison flag signal INVR. On the other 
hand, if the value "00000000" of the falling side signal DATAF is 
compared to the value "11111111" of the rising side signal DATAR, all of 
the eight bits have been switched. Thus, "11111111" is output as a 
falling side comparison flag signal INVF. Since eight bits have been 
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switched, the majority decision signals DATAINVR and DATAINVF are 

both at a high level (High). 

[0090] 

The rising side majority decision signal DATAINVR (high level) 
and the initial value (low level) of the inversion flag signal DINVF for 
the falling side data are processed with Ex-OR so that a high level 
(High) signal is output as the inversion flag signal DINVR for the rising 
side data. The falling side majority decision signal DATAINVF (high 
level) and the inversion flag signal DINVR for the rising side data (high 
level) are processed with Ex-OR so that a low level signal is output as 
the inversion flag signal DINVF for the falling side data. 
[0091] 

Since the inversion flag signal DINVR for the rising side data is 
at a high level, the data "11111111" in the cycle Q0 is inverted and 
"00000000" is output as the signal DQj, whilst a flag signal (high level) 
indicating the fact of data inversion is output as DQM. 
[0092] 

Since the inversion flag signal DINVF for the falling side data is 
at a low level, the data "00000000" in the cycle Ql is output as 
"00000000" in the signal DQj, without inversion, and flag signal (low 
level) indicating the fact of data non- inversion is output as DQM. 
[0093] 

In similar manner, in the cycle of reading out the data Q2, Q3, the 
result of comparison (Ex-OR) of the rising side signal DATAR 
"11111111" and the falling side value "00000000" of the previous cycle 
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indicates that 8 bits have all been switched. Thus, "11111111" is output 
as the rising side comparison flag signal INVR. Moreover, the result of 
comparison of the value of the falling side signal DATAF "00000000" 
and the value of the rising side signal DATAF "11111111" indicates that 
8 bits have all been switched. Thus, "11111111" is output as the falling 
side comparison flag signal INVF. 
[0094] 

Since the eight bits have been switched, the majority decision 
signals DATAINVR, DATAINVF are both at a high level. The rising 
side majority decision signal DATAINVR (high level) and the value of 
the inversion flag signal (low level) for the falling side data of the 
previous cycle are processed with Ex-OR so that a high level inversion 
flag signal DINVR is output as the rising side data. The majority 
decision signal DATAINVF (high level) on the falling side and the 
inversion flag signal DINVR (high level) for the rising side data are 
processed with Ex-OR so that a low level inversion flag signal DINVF is 
output for the falling side data. 
[0095] 

Since the inversion flag signal DINVR for the rising side data is 
at a high level, the data "11111111" in the cycle Q2 is inverted and 
"00000000" is output as the signal DQj, whilst a flag signal (high level) 
indicating the fact of data inversion is output as DQM. 
[0096] 

Since the inversion flag signal DINVF for the falling side data is 
at a low level, the data "00000000" in the cycle Q3 is output as the signal 
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DQj, without inversion, and a flag signal (low level), indicating the fact 

of data non- inversion, is output as DQM. 

[0097] 

In the above explanation, the data comparator circuits 211, 212 
are supplied not with data actually output to outside at the output pin 73 
in the data comparison, but with data which are internal signals 
DATAR_B, DATAF_B and DATAF2_B. Thus, the output signals of the 
majority decision circuits 311, 312 are not coincident with the signals 
DINVR, DINVF indicating whether or not data is to be actually inverted. 
[0098] 

Consequently, the inversion flag generating circuit 40 processes 
the output signal of the majority decision circuit 311 and the inversion 
flag signal DINVF of the previous cycle with Ex-OR to yield signals 
DINVR, DINVF indicating whether or not data is to be inverted. 
[0099] 

In the data inversion circuit of the first embodiment of the 

present invention, constructed as HesfrihpH i»h<-»<w,=> th« f^„- i _^ 

a time from the memory array by e.g. a pre-fetch operation, are divided 
into data associated with the rising side of the clock signal and data 
associated with the falling side of the clock signal, and a parallel 
operation is caused to occur in one clock cycle for the respective data, 
thus assuring facilitated timing designing in implementing the data 
inversion circuit, operating in stability, thus allowing the provision of 
the data inversion circuit convenient for e.g. the DDR-SDRAM. 
[0100] 
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[Embodiment 2] 

Fig. 7 is a block diagram showing the configuration of a data 
inversion circuit according to a second embodiment of the present 
invention, with P = 4. Fig. 7 shows the connection of plural blocks of a 
5 data comparator circuit, a majority decision circuit and an inversion flag 
generating circuit, as major portions of the data inversion circuit, and 
thus depicts an illustrative circuit structure having four serial channels 
or paths. 
[0101] 

10 There are provided exclusive-OR (Ex-OR) circuits 213, 214, 215 

and 216, corresponding to data comparator circuits, and which are 
present in association with a preset one bit of N-bit parallel data, where 
N is an integer not less than 2. There are also provided exclusive-OR 
(Ex-OR) circuits 413, 414, 415 and 416, corresponding to the inversion 

15 flag generating circuit. A D-latch circuit 418 holds the inversion flag 
signal DINV3, output by the Ex-OR circuit 416, by a timing circuit, not 
shown, or by clock signals K, supplied by the timing circuit or the clock 
circuit, not shown. An output signal DINV3D of the D-latch circuit 418 
is supplied to the Ex-OR circuit 413. The AND circuit 417 also 

20 initializes the D-latch circuit 418 by setting the reset signal RST to a low 
level. 
[0102] 

The processing of the data signal is now explained. It is 
presupposed that 4-bit pre-fetched data, transmitted serially, are input as 
25 the data Q0 to Q3. 
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[0103] 

The Ex-OR circuit 213 compares data Q-l of the initial state (or 
data Q3 of the directly previous cycle) to data Q0, and outputs a 
comparison flag signal INVO, as a logic value, indicating whether or not 
the data are coincident with each other. The Ex-OR circuit 214 
compares data Q0 to data Ql and outputs a comparison flag signal INV1 
as a logic value indicating whether or not the data are coincident with 
each other. The Ex-OR circuit 215 also compares data Ql to data Q2 
and outputs a comparison flag signal INV2 as a logic value indicating 
whether or not the data are coincident with each other. Moreover, the 
Ex-OR circuit 216 also compares data Q2 to data Q3 and outputs a 
comparison flag signal INV3 as a logic value indicating whether or not 
the data are coincident with each other. 
[0104] 

An N-bit equivalent comparison flag signal INVO is supplied to 
the majority decision circuit 313. This majority decision circuit 313 
checks to see if the number of non-coincident ones of the N logic values 
is larger than the preset number, and outputs the result of decision as a 
logic value as a majority decision signal DTAINVO. In the present 
embodiment and in the following description, the preset number may e.g. 
be N/2 or an integer ahead or in rear of N/2. 
[0105] 

An N-bit equivalent comparison flag signal INV1 is supplied to 
the majority decision circuit 314. This majority decision circuit 314 
checks to see if the number of non-coincident ones of the N logic values 
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is larger than the preset number, and outputs the result of decision as a 
logic value as a majority decision signal DTAINV1. An N-bit 
equivalent comparison flag signal INV2 is supplied to the majority 
decision circuit 315. This majority decision circuit 315 checks to see if 
the number of non-coincident ones of the N logic values is larger than 
the preset number, and outputs the result of decision as a logic value as a 
majority decision signal DTAINV2. An N-bit equivalent comparison 
flag signal INV3 is supplied to the majority decision circuit 316. This 
majority decision circuit 316 checks to see if the number of non- 
coincident ones of the N logic values is larger than the preset number, 
and outputs the result of decision as a logic value as a majority decision 
signal DTAINV3. 
[0106] 

The Ex-OR circuit 413 compares the inversion flag signal 
DINV3D for the initial state or the previous cycle DINV3 to the majority 
decision signal DTAINVO, and outputs the inversion flag signal DINVO 
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each other. The Ex-OR circuit 414 compares the inversion flag signal 
DINVO to the majority decision signal DTAINV1, and outputs the 
inversion flag signal DINV1 as a logic value indicating whether or not 
the two signals coincide with each other. 
[0107] 

The Ex-OR circuit 415 compares the inversion flag signal DINV1 
to the majority decision signal DTAINV2 and outputs the inversion flag 
signal DINV2 as a logic value indicating whether or not the two signals 
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coincide with each other. The Ex-OR circuit 416 compares the inversion 
flag signal DINV2 to the majority decision signal DTAINV3 and outputs 
the inversion flag signal DINV3 as a logic value indicating whether or 
not the two signals coincide with each other. Meanwhile, the inversion 
flag signal DINV3 is held via AND circuit 417 by the D-latch 418 and is 
output as the inversion flag signal DINV3D of the next cycle. 
[0108] 

In the above-described circuit structure, in which four data are 
processed in parallel, decision of data inversion needs to be carried out 
only once per two cycles of the clock signal. This assures facilitated 
timing designing in implementing a data inversion circuit which may be 
in operation in stability even with the high clock signal frequency. 
[0109] 

Although the present invention has been described in connection 
with the preferred embodiments, it is to be noted that the present 
invention is not limited to the embodiment described and that various 
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art within the scope of the appended claims may be included in the 

present invention. 

[0110] 

The meritorious effects of the present invention are summarized 
as follows. 

With the data inversion circuit according to the present invention, 
in which there are provided plural channels or paths of processing 
circuits and in which decision on data inversion may be carried out in 
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parallel, the timing designing in implementing the data inversion 
functions may be facilitated. Moreover, by applying the data inversion 
circuit of the present invention to a semiconductor device (DDR- 
SDRAM) having the double data rate function, timing designing in 
implementing the data inversion functions may be facilitated even if the 
frequency of the clock signals is increased. 

It should be noted that other objects, features and aspects of the 
present invention will become apparent in the entire disclosure and that 
modifications may be done without departing the gist and scope of the 
present invention as disclosed herein and claimed as appended herewith. 

Also it should be noted that any combination of the disclosed 
and/or claimed elements, matters and/or items may fall under the 
modifications aforementioned. 



